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LETTER OF TRANSMITTAL. 

, . I y \ 

UnITIMI StATRB DkPAUIMEXT of AcRim.TLTRE, 

RruEAiT oi-' Kntomoi,ooy, 
Wa,Hhington, I). ('., April 19, 1913. 

Sin: 1 have the honor to transmit for piibliention as a Farmers' 
Bnllotin a brief account of the eommon white grubs. 

A thorough study of the white-griib problem throughout the 
United States has recently been undertaken by the liiirean of Ento- 
mology, cooperating with the oiTice of State entomologist of Illinois, 
an<l with the further aid of the Indiana Agrieidtnral Kxperinient 
Station and Purdue Fni vei*sity. As this inA*estigntion has only fairly 
l)egnn, the present pnbliciition is in no .sense a report, but is merely 
intended to give a brief snniuiary of the life history ami habits of 
these insects, as now understood, together with the best known means 
of controlling" th©*n. The bwlle^dn has been pre^p«,r©d wiUi speeial ref- 
erance to the destructive outbreak of 1012 and the se&mingly strong 
pmbabilitics of a similar infestation in 1915. 

This subjeet is of the giH?atest importance to farmers, whose coop- 
eration is miK'h ueede<l in carrying out the work and securing prae- 
ttictJ residts therefrom. 

Kespeetfully, L. O. lIowAitn, 

Kniomolo(jint a-nd Chief of Bureau. 

Hon. D. F. Houston, 

SeierMm'i/ of A ^riaiSMtre. 
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COMMON WHITE GRUBS. 



The rommon white {iriihs (fip. 1^, or pnilmorms, as they arc often 
culled, have for years bcM'ii it'co^iiiKed as among the most Fcrioiis 
pests to farm rrojis, notably com and timothy, while strawlwrries, 
])otat()es, and nursery planlingw, partinilnrly of conifers, have all 
been frequently and seriously affeetod. 

These posits have never been given extended economic study, ex- 
cept by Dr. S. A. Forbi4«,' State eaitoniologist of Illinois, to whom 
we are indebted for nearly all of our ]»rac'tic!iil knowledge of the 
parent May beetles (fig. 2) and their progeny, the white grubs. 



Fio. 1. — Wliltp Krul) workltiK In d potato tubt-r, T«bor. «. \)ak., 11112. (OrlKlnal.) 

THE OUTBREAK OF 1912. 

Probably tlie most serious outbreak of wliite grubs in the his- 
tory of American agricnllnre oeourred in H>12, following an abun- 
dance of beetles in 1011. Injury was reported from almost every 
f-;e«tioii of the country north of the Ohio Uivur and wsstward to 
South Dakota. (See fig. 3.) In the Wast the conter of abun- 
dance was in southwestern Wisconsin, while/ni the Kast it seemed 
to be in nortluMisterii Pejuisylvauis and southeastern New York. 

* Lachnottrrna spp. t 

"Insect Ufe. vol. 3. no. 5. pp. 23U -245. 18*1 ; imh (tapt. StatP Knt. 111., pp. 10*»-144, 
1894; ni. Art. Kxp. Sta., Bui. IJU, 1H0T 
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Iiifestntion occurred, however, as far west as Tabor, S. Dnk., 
uml though no serious general injury was found west of eastern 
Towa there were scattered occurrences in western Iowa and 
southern Minnesota. TTironghout the southern third of Wis- 
consin and in northern Illinois the grubs were abundant, espe- 
cially in the western portions of those sections. JIany infestations 
were also reported from southern Michigan and scattered ones from 
northern Indiana and eastward through Ohio. These infestations 
again became general in northoiiitern Pennsylvania, southeflstern 

Now Vork, in Connecticut, and 
in parts of New Jersey. 

In the worst infested dis- 
tricts it was not at all unusual 
to find from 40 to 00 grubs in 
a .single hill of corn. Indeed, 
m a cornfield near McGregor, 
lown, devoted to timothy the 
previous year (1911), Mr. R. Ij. 
"Webster aud the writer found 
sovcntj'-seveu 2-year-old grubs 
in nn area 2} f*>et sqnni-c and 5 
incliftH deep. This really rep- 
refwnted l»«s than a single hill 
of corn, for the hills in this 
field wcwe fwet apart. 

From a personal survey of 
the infester^ rritory made in 
1012 in Iowa (fig. 4), "Wiscon- 
sin (fig. 5), and Illinois (fig. 
G), as well as from report.s of 
farmers aud others, we have a 
very conser\'ative estimate i>f 
the damage to i-orii, timothy, 
ami potatoes in these States, 
The ilanuige to the same crops 
in the other infested areas can not be figured at less than $5,000,000. 
which brings the total loss in 1012, exclusive of strawberries, nursery 
stock, lawns, aud miycellaneous crops, to not les' than $1*2,000.000. 

POSSIBIIITY OF AN OUTBREAK IN 1915. 

Available records show that May beetles were unusually abundant 
in 1008, the grubs causing considerable damage in Wisconsin, Illinois, 
aud other localities in 1009 and ngaln in 1012. The damage, however, 
was more ]>ronounced iu these localities in 1012. As previously 
noted, the beetles were very abundant in the spring of 1011, thus giv- 
ing rather conclusive evidence that the life cycle of the more abun- 
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Pig. 4, — A OO-acre cornfield completely destroyed by white griiba, ParmtTsburir. Iowa, 
1912. (OrlBlnal.) 
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COMMON WHITE GRUBS. 



daut and injurious siKucitte in thoH« locu)iti«^ is nuiformly three 
veurs. We may, therefore, be reasonably certain that in 1014 thr 
beetles will again be unusually abundant, anil the year foHowinf^ 
(1915) the grubs will as a consequence be exceedingly abundant and 
destructive nnles*^ their numbers are materially reduced by natural 
enemies, by artificial means, or by adverse climatic eonditions. 

LIFE HISTORY AND HABITS. 

Our knowledge of the life histories of the white grubs of the genus 
T^achiiosternn is very meager. There is only one published record, 
involving a single species, in which an individual belonging to this 
genus has been reared from egg to adult. In the case of this species 
(L. ar^naia Smith) the life cycle in the latitude of Washington, D. C. 

7 ■ 




Vt^-,^' iurt # ll)l i p*«tMH« ^barH. k.H liilili irtjHVV hltfUlH ifili^t tjuMth. Wife- 



proved to be three years.* Fi'oin observations rejiorted by I'^orbes, 
and from our own observations and rearing experiments, it appears 
quite certain that in the Northern States the total life cycle of the 
more injurious species is three years. However, in the case of L. 
tHstis Kab., a small species, and one whioh we have recently reared 
from egg to adult, the life cycle is only two years. ^Ir. W. 11. T^ickc- 
son, of Austin, Tex., writing of the damage by L, farcta Lee., says, 
" One year the grub bothers us and the next year the ^fay beetle," 
which is circumstantial evidence that this species has only a 2-year 
cycle in Texas. The total life cycle in all the species occurring in the 
Southern States may be only one or two years, and in the central 

t U. S. Dept. Agr., 1>1V. Ent., Bill. 1». n. «ar., p. 77, ISO!). 
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parts of Canada it may possibly extend over a period of four yeiirs, 
for such is the variation of the life cycle in the closely related Knro- 
pcan white grub,^ vvhieh has a 4-year eyelc in northtarn Germany but 
only a 3-year one in southern Germany. 

A resume of the life of the injurious genofat4on of 1912 is as fol- 
lows: Kggs (fig. 7) deposited by the female beetle in tlwv spring of 
1911 hatched a few weeks later, and the young grubs fed the first 
season on decaying and living vegetable mutter in the soil. As 
winter approached they protected themselves from the cold by bur- 
rowing deeper into the ground, remaining there inactive until 
the spring of the following venr (1012), \\hon they returned to a 




FlQ. fl. — A fornO.-ld Injured by wlillw griibK. Onlena. 111., 1912. (OrlBlnal.> 



position near the surface, feeding on the n)ots of such crops as wor© 
available. In this the second year llicy did the miiximum amount 
of damage. Tn the fall they again went deep into the soil, to return 
near to the surface in the spring of 1913, where they will feed ns 
before on the i)lant roots until about June. They will tlicu prepare 
oval pupal cells in the ground, become more or less inactive, and 
later change to the pupal or true dormajit stage. The adult beetle*, 
which will emerge from the pupir a few weeks later, will remain 
in the pupal cells over winter and will emerge the followin^ spring 
(1014) to feed and mate in the foliage of trees and shrubs and to 
deposit their ogjEB in the soil for another |^cnc«'ation. 



02170" — Iliill. r»4S— !»' 2 
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Unlike the grubs, the different species wlien in tlie beetle stage 
have as a rule ditTerent food preferences. Certain species feed almost 
exclusively on the oak, others prefer the ash, some feed indiscrimi- 
nately, ete. The trees which the beetles ordinarily frequent at La 
Fayette, Ind., are the ash, oak, poplar, elm, willow, locust, soft maple, 
and liackberry. In ceitain localities the pine seems to be the 
preferred food. Mr. H. P. I.odinp; reports that in the vicinity of 




P'o. 7. — Eb«i» of wlilto urulfi* In tlietr naturnt cells ; a. Immediately after deposition : 
6, six or seven days later: c white ^rubs batchlnff. (Orlslnal.) 



ifobile. All!., he has collected L, primuncuUna liiirin. and L. miran» 
Knoch feeding on the longleaf pine, which indeed appears to he their 
favorite and in some ea*<>s poKfibly their sole food. 

In the latitude of Indiana the beetles make their first appearance 
the last of April or first of Jlay and continue to bo present until the 
first or middle of July, the period of greatest abundance being be- 
twocn the middle and last of May. They swarm to the frees at dusk 

5-13 
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nncl remain there feeding and mating till just before dawn, when 
they return to the soil, only to reappear tlife''f^lWft'ing evening. 

When abundant the beetles are capable of 'dtefe^ting large acreages 
of timb^*, often resultingE m tSje t}e«t*k oC of- yw.*eefip» tihus 

tittackt\d. Tn 1011, 40-aere ft*«ct« of timber 'ti'ere eompfetely*'^t^^i- 
ated by the beetles in southwestern Wiseonsin. According to wit- 
nesses, the dropping of excrement and of detached leaves at night, 
when the l^eetle- wer'~ feedin*', sounded like hail. The following year, 
1012, muiiber'^ of d* *1 ard 3yin|? trees were observed in these timber 
tracts, their death In nioEt cases doubtless resulting from the loss of 
ioliage the j'ear before. 

Xot only do the different species have individual food preferences, 
but they also differ in the dates of emergence, some appearing earlj' 
and remaining tlii*oughout the yeason, others appearing about mid- 
season and remaining onl}' a few weeks. Some species, also, oceur 
only at the higher elevations, while others appear to be c<mimon only 
at the lower levels; hut whether this difference is due to a difference 
of elevation or to the eharacier of the flora, or to a combination of 
the two. has not as yet been determined. 

The beetles (fig. 2) prefer to dej^osit their eggs in ground covered 
witli vegetation, in the immediate vicinity of timber, usually choosing 
for this purpose the more elevated parts. For these reasons the grubs 
are ordinarily found most abundant in the higher portions, especially 
near wooded tracts, of fields of timothj' (fig. 8), blue-grass sod, and 
small grains, or in any grovmd which during the previous year was 
in one or another of these crops. 

The eggs (fig. 7, a, h, c) are pearly white and when fii-st laid are 
elongate, measuring about one-tenth inch in length, but six or seven 
days after oviposition they become swollen and almost spherical. 
They are deposited in the soil at a depth ranging from 1 to 8 inches, 
within oval cavities in the center of balls *of earth, the particles of 
earth forming the balls being held together by a glutinous secretion 
sujjplied by the female beetle. 

The very young grubs seein to prefer decaying vegetation, although 
under certain conditions, especially when they are very nunierous, 
they -will attack living rootJi, as was the case in AVisconsin in 1911 
when the young grubs damaged timothy fields (fig. 8). As might 
be expected, the grubs do the greatest amount of damage in their 
second year and to the early plantings in their third year. AVhile 
grubH show a preference for certain food plants, from o\ir present 
data the grubs of different species do not appear necessarily to have 
ditFerent food habits. AVe have no authentic records of injury to 
such crops as clover, alfalfa, and buekwheflt, and from tvll observa- 
tions small grains are lo^ attacked and injured than are corn, tim- 
othj', strawberries, and potatoes. 
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GRUBS LIKELY TO BE MISTAKEN FOR COMMON WHITE GRUBS. 

It is important that the grubs of ^lay beetles should not be eon- 
fused with similar but noninjnrious grubs and with such other grubs 
as may be injurious but which, beeaiise of their different habits and 
life history, necessitate different methods for their control. Prob- 
ably the most universal mistake is the general belief that the common 
white grubs of the field and the white grubs found in manure heaps 
and rotten logs are identical. The grubs of May beetles are not 
known to breed in manure or refuse of any kind. The most common 
grubs found in manure are the immature forms of certain brown 
btetles* which, like the May beetles, frequent lights, and would 
doubtlesfi bo mistaken for the latter by an inexperienced person. 




Wi' i!^i'J > iniriiiji I 

Another grub commonly mistaken for a grub of a May beetle is 
that of the southern green June beetle,'' which has frequently been 
reported as injuring gi'ass and other vegetation in localities south 
*)f latitude 39°, or even farther north along the Atlantic eoast. The 
grub of the green June beetle seoms to prefw soils more or le^is 
heavily fertilized with manures, and besides, entirely unlike the 
common white grubs, it mak^ definite burrows which usually opeu 
at the surface and whieh it mny inhabit continuously for longer or 
sliortcr periods of time. For this reason grubs of this species will eoine 
to the entrance of their burrows and even crawl out upon the ground 



1 tAoyrua gibbosug l>e G. snd Ij. relictua Say. 
'Altorhirm i.ltUta L. 
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when the loud is Hooded with water. This chnrueteri.st ic also offers 
us a siiti^factory nutans -of controlling the frriib of tho green .Tunc 
l>eQ4Je whyai in l^*!wns or small areas. (See p. 20.) Agnin, this grifb 
may be dislinguish&d from rho Irne white g:rnbs by its i^wi&ral iipiunr- 
anec, and especially by its pecnliiir and charactorislic mutliod of 
crawling on its lm<*k when i)lared on Iho snrface of the gronnd. 

NATURAL ENEMIES. 

'I^lie ^vhiIe grnbs and May beetlew are jn'oyod iij^on by iinnieroiis 
birds, mannnols. and insect.s, all of which are more or le.ss useful in 
reducing tlmir numbei"s. Probably tho mojft imjiortanl of tht^e tMie- 
niiea are the birds, ospeeiidly erows and erow blackbirds. Fields of 




for wlil-lo grUjbB. Oftlff^f. m« 181:;. (Orlslnnl.) 

timothy sod have been literally overturned by crows in Ihcir .seurcli 
ft^r grubs (see iig. I*), and in some iields the grubs were ahnoRt 
exterminated by them. Crows have often been observed following 
(he ])low in infested fields, eageily picking up every grub (hat was 
inicnrthed. ^fr. Henry llolzinger, of Lanensler, Wis., .'^aid that 
crow blackbirds followed ihe plow in great nmnbers where he was 
turning over a sod field in the spring of 1912. Tu one instunee he 
watched a single blackbird eal ma.ny grnbs, apparently its full 
capacity, and then gaflisw as many as il eould hold in its beak and 
fly away. In this ease the bird destroyed in all 20 grnbs in about 
1 or 2 minntiifi. This habil of eating a large number of grnbs 
and then flyinj^ a^vay witli iUs^boak full was rajjortwl s^s a common 
occurrence with the blackbird. Mr. Fr«d Nelson, of Tabor, S. Dak., 

&43 
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stated timt his iittentioii wus directed to Uie uinisual «bundniiee of 
grubs in his field in the fall of 1911 by the blaekbirds which cnme 
in flocks and followed him as he plowed. He soon learned that they 
weve t'lit'ieiing pTubs. After piclsinf; up several grubs cneh bird 
would fly baek to the trees a short distanee away and soon retui-n. 
Thus there was n continuous flipht from the trees to the ground and 
from the ground to the trees. Besides crows and blackbirds jirne- 
ttically all of our common birds feed on white grubs or their adult 
forms, the May beetlwi. The Biological SurTey h»8 found these 
insects in the stomgelis of more than SO speeies of birds. 

Domestic fowls may properly he classed n& natural enemies of 
white grubs, although their tiaefuluess is largely controllable. All 
farm poultry ore fond of these insects, and wliei-e possible should 
be given the run of infested fields at the time of plowing. The 
turkey especially is valuable in this capacitj', and the writer has 
«een infested timothy and sod fields liter- 
ally overturned by these birds in their 
^ seai-ch for grubs. 

Among the undomesticnted mammals 
^J^i^BJ^S^^^ which feed on the grubs the skunk, or ao- 

r m \ called polecat, is probably the most valu- 

' \ able,' and, indeed, some farmers have 

gone so far as to attribute the increase in 
these insects to the deci'ease in nnmbei-s 



i-iu. 10.— /■i/r,/(iio undoio. a iiy of the skunks, which are being ranidiv 
Nntur.i .12,.. (Ortsinai.) killed oil by trappers. In a field of 

winter ^^■|leat ut I-agro, Ind., the grubs 
WW* reported cutting iilf the young wheat iibints, and when the field.s 
were esamiined a few days later (November :!, 1011). a skunk hole 
3 to 5 inches in dsptli was found at nearly every stool of wheat which 
had been attacked by the grubs, and in evei-y case the animal had 
invariably raptured the culprit. In iiortlienstcm Towa inaiij- large 
hiiulowiicrs observed the grub-eating habits of the skunk during the 
recent severe outbreak, and have signified their intention from now 
on of proteetiiig this friend of the farmer. Inuunierable instances 
of this nature illustrating the value of skunks could he cited. 

A nnnifier of prodnccous and parasitic insects have been reported 
as «t*Bcking the grubs iijid May beetles, and of these eumuies it is 
probable th«t siieii common and generally distributed forms as the 
black di^er wasp, TipMa inornata Say, and another wssp, Elh 
nexrlncta Fab., both of which attack the grub, together with a fly, 
Pyrgotu uiulata (fig. 10), which attacks the adult beetle, are the most 

' The dompRtlc hoff Is thr Diost efTlclrnC of all Krul, dentroyen, whi>ri' It can be utilized. 
It la fully dUcuHseil In thla connection unAer " MetllodH of control." 10. 
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beneficial. The Tiphia larva, after di'vourhi^ the grub, forms a 
characteristic cylindrical-ovate, li*!:lit brown, woolly cocoon abont 
thrco-fourtbs inch in length (fig. 11, L), and from this the jet black 
digger wasp emerges the following spring. It in turn mates, and 
the feanale reeaiters the soil and there deposits its eggs on tlie gnib, 
usually fastening them on the brick of the latter just behind the head. 
The Elis cocoon (fig. 11, a) differs from the Tiphia cocoon (fig. 11, 6) 
in that it is elliptical, slightly longer, and comparatively smooth. 
The adult emerging 
therefrom is about the 
same size as the Tiphia 
wasp, or slightly larger, 
and the black abdomen 
is transversely striped 
with yellow. The co- 
coons of both of these 
parasites are frequently 
turned out by the plow, 
especially in fields badly 
infested w i t h' w h i t e 
grubs. The parasitic fly 
Pyrgota vndata "Wied.^ 
fig. 10) attacks only 
the beetle, usually de- 
positing its egg with- 
in the body of the beetle 
as the latter flies from 
leaf to leaf or to the 
ground at night. The 
hirvR* hatehing from 
these eggs gradually 
kill the beetle, althougli 
as a rule the latter, if 
a female, is capably of 




■. I p. "-I'm It- .-*( t^H'i^ ^Jmr v^m **<ni" 



oopulating and of depositing »ggs for some (Hay's aftwr-lming pa-ra- 
sitized; consequently this parasite may not bo so valuable as might 
at first be anticipated. 

Several fungous and bacterial diseases have been reported attacking 
the grubs and beetles, but the knowledge of these is as yet suijerficial. 
Occasional outbreaks of these diseases have been rejiortcd, and it is 
highly jn'obable thut they serve as valuable natural checks. In 
Kurope certain of these diseases have been artificially gx*own and used 
to destroy the grub, but there seems to be a divergence of opinion 

* It ha« bpen round tbHt nnothpr spe^ps of Vyrsotn (P.imflila rtarr.) is pnrasUic on 
tlie bt-ctlfs. and thin spt'i'lfH niiij' |>r<)ve ti> l>e piiimHy i"^ Important as J', unttata. 
543 
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US to v»lue when used in tliis manner, and ftwsibilky of 

th«*ir use for purpose is still nn open gucstionjUf ar' n . * » 

METHODS OF CONTROL. 

All generiil lueiisiircs here discussed tiiul recommended are pre- 
veutivo rather than remedial, for once white grubs are present in ii 
field of corn or other cro]> thero i-^ no means as yet knoNvn of pro- 
tenting that particular crop from its ravages. On the other hand, 
there are certain cultural and other practices wliiuh will graatly 
miniuii/A' the damage in sncceeding j'eai's. 




inA. 1^ I jl'Pf f^l ^ w4 uvertumm by ttwhie In thoir Honrc-h fur \v M h- tcFHlmt- LHuci)»ti-r, 
Win., 11)11. (OrlBlna!.) 



TTTIMZINQ H0aS ANB POULTRY POll DBfiTROYINQ THE GRtTBS. 

An infested field may ho thoroughly rh'arcd of grid)s by pasturing 
it with hogs, and this method should be followed wherever possible, 
hfogs are very fond of grnbs and will root to a depth of u foot or 
move In search of them. (See fig. 12.) Such pasturing may be done 
at any time during the summer, but it should not be delayed later 
than the middle of October nor should it be practiced earlier in 
spring than April in the latitude of central Indiana or May in the 
latitude of "Wisconsin, since at other times the grubs will probably 
j>« ill their wiut*i- quarters, de^) in the ground, Hnd.ti }»i:gt^ ptwctintage 
may theit escape the hogs. 
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It should be noted here (hat the griant thorn-headed worni,^ an 
intaet'intcJ worm attaekiiig swine, pasfies one of fehe earlj' stiiges of its 
life within the white grub, and hogs become infested with these worms 
hy feeding on infested grubs. The grubs in turn become infested 
through the excrement of infested swine. In the grub-infested loeali- 
tie.s of Iowa, Illinois, and AViseonsin visited by the writer this intesti- 
nal worm is quite prevalei t, but inasmuch as most of the swine in 
these regions are shi lightered before they are. 1 year old the prevalence 
of tlie worms in this i*ogion is of little if any importance. Preeau- 
t4ons should be tivken, however, to protect the animifls from infesta- 
tion where possible. In this connection Dr. S. A. Forbes says:* 

Pigs which have nover bepii pnatured tire certain to be free from thpse para- 
sites, and grubs growing In fieldB which hiive not been pasturixl by pigs are like- 
wise certain to be free from thein. The ase of such pigs upon such- fields would 
consequently he without danger from this source, and a ilttle attention to these 
facts wlli avoid any lujurioiis consequences. Tiiat Is, if pigs not previously 
alioweil to run luit are turned into fields on which pigs have 'not been pastured 
within tiiree years, tiiere will be no danger that they will become Infested by 
these thorn-headed worms.* 

Tn 1012 the writer observed a field in which half of the corn was 
iminjured and free from grubs, while the other half was badly dam- 
aged. The previous year both halves of this field had been in timo- 
thy, but with this difTerence: The half where the injury occurred was 
left for hay and the other half was fenced off and jiastured with 
dairy cows. The only plausible explanation seems to be that the tram- 
pling of the ground by the cows killed the eggs and giiibs in the 
field, or else that the ground had been trampled sufficiently previous 
to the flight of the beetles to pi-evcut them from entering tlie soil and 
laying eggs. 

Domestic fowls should he given the run of iufjested fields, and 
especially when the land is being plowed, foi* they arc very fond of 
grub.T iind will destroy large numbers. 

During the years of great abimdanec of tho. beetlf- h Jiould be 
turned into orchards and timber lots during the period of flight (Alay 
and June), since a majority of Jhe bet?tles pass the day just below the 
surface of the soil beneath or near the trees upon which they have 
bo«en feading the night before, and will be eiigerly sought and efl-teu 
bv the I logs. 

FALL PLOWING. 

Where it is impracticable to pasture hogs in an infested field much 
good can be accomplished by plowing the land in the fall. The plow- 
ing should be done late in fall, but, on the other hand, it should not 
Vic delayed until cold weather sets in or until the ground becomes 
cliillcd and frosty, for then Wie grubs will have gone down to their 

* fjChinorhyncJiug gUjan. 

» Forbes, S. A. On the Ufo history, habltH, and aconomlc i;#iatioo8 of the white grubs 
and Mar beetip* (LnchnoBterna). III. Agr. Kap. Sta., Bui. 116, p. 479, Augiist, 1»07. • 
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winter quarters beyond the rcncli of the plow. Ordinarily the host 
time to plow is between October 1 and October 15. In 19 IS d^ep 
plowing at any time in the fall, eapecially in eariy fall, will he of 
special value in those regions where tlie grv/bs were so destructive in 
1912, since the gnths will then hare cJianged to pupce and adult 
beetles, and these will he destroyed if the pupal cslls in which they 
pass the winter <*re disturhed. 

ROTATION OF CKOPS. 

Since the l>eotlos nsiially <lo}iosit their ofjfjs in fields of grass, tim- 
othy, and mall fjniins, the crops planted in these fields the year fol- 
lowing 1 sea tin of beetle abundance should be those which are the 
least suscejjtible to grub injury, such as small grains, buckwheat, 
clover, alfalfa, and peas. Care should always be exercised in the 
selection of a crop to follow sod or old timothy ground, even though 
the beetles were not noticed as especially abundant the preceding 
3'e^r. Where hogs can be pastured on the land the fall or spring 
previous to })lantiug, as discussed in aiiotluM* para^jraph, the grubs 
will be practically eliminated. 

COLLECTING THE GRUBS AND BEETLES. 

Whore it Is possible to .secure cheap labor, collecting the grnbs nftar 
the plow is practicabU*, especially wliere the grubs are inunwons. In 
Knrope children are often emplojanl to gather grubs in this maimer 
and to collect the beetles iis desci'ibcd below. 

Collecting the cockchafer or Maikiifer, a beetle very closely related 
to the Alaj' beetle, is a common practice in European countries, but 
so far as known the attempt to collect Maj' beetles on a-n extensive 
scale in the United States has nt'vw been made. Three methods may 
be emploj-ed in l)eetle destruction: (1) Collecting from plants upon 
which they feed at night, (2) trapping at lights, and (3) poisoning 
their food plants. 

In Europe beetle collecting has proved of value largely because 
the 3'ears of abundance of the beetles have been definitely known in 
advance, while in America this has not bean the case. Now, however, 
th«re is proof that the l>eetles occurring in such abundance in many 
parts of the United States in 1911 (the par*Hit-s of the destructive 
generation of grubs in 1912) have a life cycle of three years, and it 
is reasonably certain that they will continue to be exceptionally 
abundant in these regi<)us every three years unless killed ofl* by their 
natural enemies, by artificial means, or by unfavonible climatic con- 
ditions-, lieetle collecting in the Old AVorld has also proved prac- 
ticable, first, heraus-e of the organized cooperative movement by the 
farmers for the collection of the beetles; second, because a small 
bounty is paid for the be'etles; and, third, becaruse of laws which in 
some countries require «4ieh farmer to collect a certain quantity of the 
grubs or beetles j'ear. Individual action is useless, and only 
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where wholo ooinniiinitieK or nt'i(;hborh(»ods e<Kipeni(e in the work i^j 
it effective. 

In collectiiif^ from food plants Inrj^e clotli sheets nve pliicevl undvr 
the tree nntl the latter jnrred, or in the cas** of hir^e trees individual 
branehes may be shaken by usinp n lonjr pole provided with n hook 
at the end. The beetles iire then frntherod up from the sheet and 
]^>l4)e(wl in cans, botUcs, or boxes and afterwards killetl with csrbon 
bisnlphid. Killed in this manner they may be fed to chickens, pijjs, 
etc., but if they are not- to he used for snch purposes the>* nmy Im 
killed by dropping them in enns containing; water and jiiKt enonja:h 
kerosene oil to cover the surface. Different species have different 
food preferences, bnt lis a nde iK'etles are most ahniidtuit on the oak, 
walnut, jtophir, hacklH*rry, willow, nsh, and ehn. Collections may be 
madft Ht any time durin^iE the ni^jht, bnt the b&)^ time for this work 
is in the early inorninjp. before 4.30 o'clock, at a time when the 
beetles are easily jarred from tlie- foliiij^e. It. is es.scntial that col- 
lectinf^ be begun as soon as the beetles apjx»ar in the sprinj^ — that is, 
before the beetles have Ijejjnn to lay their ejjf^s— -and it should also 
be borne in mind that each female beetle destroyed early in the 
season means the destruction of from 50 to 100 (;rul>s which she 
mi^ht have produoed. 

l-'iffht traps have not hs yet proven satisfactoiy as a means of 
control npiinst Mny beetles, the prime objection to this method 
beiuji that the li^jlit attracts the mules to the ahno.st total oxelusiou 
of the female:^. Fnrther tests with this method must be made, and 
it is possible that the lif^ht may j)rove attractive to the female beetles 
in years of imusual abundance if placed close to the trees or shrubs 
Uf>on which thoy faed. 

Sprayin^j treos upon vvhieJ^i the beetles feed, with I'aris ^rrecn or 
arsenate of lead, is effective tigainst the beetles, but ordinarily 
this method is impracticable owin^ to the lurjje size of the trees, 
which would necessitate hirpre and expensive power spraj'ers. With 
a more definite knowledg;e of the j>referred food plants, it may be 
found practicable in some localitifij^ to plant low-growinjr;: trees and 
shrubs almnt fialds a« tra.ps for the beetles, which might tho^ be 
deetroyed by spraying, 

■FECIAL BIRECTIdNS. 

In those reprions in whieh the grubs were so abnndant and destruc- 
tive in 1912 certain special directions nnd jirecantions may prevent 
II repetition of the damage in 1£>1C. As has already been stated, the 
pareiUs of the grubs of ini2 ii|)peiired in the spring of 1^11 and laid 
the eggs which hatched into the grubs, l*racticnlly no damage 
occurred that year, but in 1912, wh«n jiUout half grown, the grubs 
caused grwit lose. Thc#e jp-ulm will continue active in the spring 
of 1913 and may injure eortain early plantings, but by early June 
most of the grubs will have become more or less inactive aad later 
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will clinnge to the dormant or pupal stage, trnnsforminpf to beetles 
about Au^ist. Tliey will reniiiin in the soil as beetle over winter, 
appearing above ^jroiind in the spring of 1914. Small grain may. 
with comparatively safirty, be planttKl in 1913 on ltu4<l infested in 1912. 
Tf infested ground must be utilized for eorn, potatoes, or other sus- 
cejitiblo crops in 1913, planting shodld be delayed as long as poss-ible, 
in: whieli ease injury will be minimized or may be wholly prevented. 
In 1914 a ma.xinnmi acreage of sucli crops a.s corn and potatoes should 
be planted, and these kIiouUI he kept thoroughlj'' cultivated during 
the flight of the beetles. T-.and which is planted to small grain, 
tiiraothy, a-nd otlier erops which covw the ground with \'e^E;et-fltion «t 
the time of the flight oi* beetles should be planted in fields -farthe.it 
from trees, and such fields should bo planted the following year 
(1915) to crops least susceptible to white-grub injui-y, such as clover, 
alfalfa, small grninw, and buckwheat. Tn addition, the methods 
which have already been discussed, namely, the use of hogs and 
domestic fowls, fall plowing, and the gathering of beetles and grubs, 
ghotild he prfrcfi^d. 

IN THE LAWN. 

Xo reliable remedy can bo offered for the destruction of grubs in 
lawns. Where possible, poultry', especially turkeys, should be allowed 
the run of the infested area. Hogs will of course rid the ground of 
grubs, but they will likewise tear up the sod and are not usually 
desirable in cities. A\'lien badly infestedf the removal of sod and the 
gathering of the grubs by hand, and later, fall plowing, will probably 
prove satisfactory. Tf the infestation is not severe, liberal applica- 
tions of comnierpial fertilizer will assist the grass in ovarcoming the 
grub injury. It has been demonstrated in Kurope by Decoppet* that 
carbon hisiilphid injected into the soil at a deptU not exceeding 0 
inches, at the viite of 1 to IJ ounces in six or eight holes per square 
yard, will considerably diminish the number of gi'ubs. Decoppet 
experimented with an lOuropeiiu white grub,' and it appears quite 
probable that this method would prove satisfactory for our white 
grubs when they appesir in lawn.s. It might be mentioned lie-re that 
carbon bisulphid may i)e injected with excellent results? into the holes 
of the grub of the southern green *Tuue beetle, wliieh is frequently 
quite destructive tn lawns in the Southern States. Tn using carbon 
bisulphid care should be exercised never to jiennit a spark of fire to 
come near it, for it is extremely iuflauimaljle, and its vapor, mixed 
with air, is explosive. Holes in which the carbon bisulpliid is iu- 
jwctod should be clo.scd with a phig of s<m1 or sod immediately after 
the injection, to prevent the escape of the fumes. 

> llul. Hoc. Vniid. S<-i. .Viit., .Imc stT., t. 4H, no. 176, pp. xxxv- xxxvi, Junp. 1012. 
Ab^tr. In Intprnnt. Ujnt. A^r. (Uomp), llul. Itiir. Apr. Intel, nnd Plant nisonsrs. vol. 3. 
no. 0, pp. 14.H;-14."i7. 1912, and In U. S. Ifppt. Agr., Kxpprlment Station Ilpcord, vol. 27, 
no. 7, pp. ♦lfH-rtfl2, 1D12. 
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